The cisco (Coregonus artedi) requires cold, well-oxygenated water and is threatened by climate warming and lake 21 eutrophication, especially at the southern edge of its range in the Laurentian Great Lakes region. In this paper, a method is 22 described to assess the quality, quantity, and variability of suitable cisco habitat. Two metrics are proposed to characterize 23 existing cisco oxythermal habitat in this region: water temperature in the water column at a dissolved oxygen of 6 mg/L 24 (TDO6), and "cisco layer thickness" (CLT), the vertical extent of the water column within which water temperature is < 
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The TDOX concept has obvious value for assessing and tracking current oxythermal habitat conditions for cisco and 77 other coldwater fishes throughout the Great Lakes region. The TDO3 metric used in Minnesota focuses on potentially lethal 78 conditions, but by applying a higher dissolved oxygen concentration, the TDOX concept can also be used to identify 79 sublethal oxythermal habitat. In Wisconsin, water quality standards for coldwater fishes are set at no more than 22. determine whether there were differences in TDO6 or CLT among the four cisco relative abundance categories.
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Fifth and finally, data on variation in the two oxythermal metrics were used to develop sampling guidelines for 162 detecting non-attainments of the proposed benchmarks. We summarized the distributions of dates on which TDO6 and CLT 163 non-attainments occurred across all lakes and years. We used these distributions to determine the probability of detecting 
RESULTS
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Fourteen lakes met the criteria for inclusion in the study (Table 1) . These were located across a broad area of the 198
Non-attainments of the oxythermal benchmarks varied substantially among lakes. Eight of the 14 lakes never were 199 warmer than the benchmark for TDO6 and six never had a lower habitat quantity than the benchmark for CLT ( 
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Values for TDO6 and CLT were highly variable over time in some Wisconsin lakes. Within these lakes, TDO6 and CLT 241 changed both seasonally and annually. Within-year variation was apparently driven by short-term weather fluctuations.
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Typically, as the summer progressed, the amount of dissolved oxygen in the hypolimnion declined, decreasing the depth at 243 which dissolved oxygen equaled 6 mg/L and contributing to a reduced CLT and a higher TDO6 later in the summer.
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However, in some years in some larger lakes, the depth at which dissolved oxygen equaled 6 mg/L increased later in the lethal conditions. Nonetheless, the occurrences of a few minor non-attainments of the proposed benchmark for CLT (Table   291 3, 4) and single years with values that equaled the benchmark for TDO6 for two lakes, Geneva and Oconomowoc, with high 292 cisco relative abundance (Table 2) show that small and infrequent non-attainments of the benchmarks do not preclude a 293 strong cisco population.
295
Guidelines for assessing TDO6 and CLT lakes with infrequent non-attainments of short duration. Lakes with regular and long periods of non-attainment (e.g., Lake
322
Monona, Fish Lake) as well as lakes with good oxythermal conditions and typical metric values far from benchmark levels
323
(e.g., Big Green Lake, Trout Lake) could be characterized with only two to three years of data.
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Although the required sampling for assessing attainment may be long-term in some lakes, it is likely feasible within 325 the scope of the types of monitoring programs used to assess state or provincial water quality standards. For example,
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Wisconsin assessments for total phosphorus and chlorophyll-a require at least two years of monitoring with at least three 
